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1. Time-dependent CP asymmetries in BO>KO rumty
— To be submitted to PRD
2. Angular asymmetries in the decays B> K*[*I-
— arXiv:1508.07960, submitted to PRD
3. Lepton Universality in B>KI* I
— To be submitted to PRD
4. Observation of B> DV) mt*rtlv
— arXiv:1507.08303, submitted to PRL

5. V,, from inclusive B X ev
— To be submitted to PRD
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Time-dependent CP asymmetries in BO>K° wr*y ﬂ

* The V-A structure of the Standard Model (SM) weak interactions yields predominantly left-
handed y in b->sy decays (B > sygy, B 23y,4)-

* Implies mixing-induced CP asymmetry in B->f.,y is small in the SM.

* New Physics (NP) processes with an opposite-helicity y may alter the SM prediction
without contradicting branching fraction predictions

— B(B->X.y) = (3.40%0.21) x 10* (experiment)
— B(B>X.y) = (3.15%+0.23) x 10** (SM prediction)

 Some models have a right-handed process comparable in magnitude to left-handed
processes e.g. PRD49, 5890 (1994); PRL B333, 196 (1994); PRD 49, 5894 (1994)

Some previous results: b u, ¢, t
— B%->K%p% (Belle PRL101, 251601 (2008)), B°->K° % (BaBar PRD78, 071102 (2008);
Belle PRD74, 111104 (2006): no evidence for NP, CP compatible with SM.

— B*=>K'mr*y: non-zero value (5.20) of photon polarisation (LHCbh PRL 112, 161801
(2014))
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B°—>K® "y Analysis Method &

* Time-dependent mixing-induced CP asymmetry parameters S, and Cyq,,, in BO>K°p%
*  Problem 1: background from BO->K"*mt*y dilutes Sy, from BO—>KO p0y

B’ - Ks p(—na)y: B> K*(—Ksa¥)a*y:
signal Bt L background 7—7;”
< &<

T T o+ T

* Problem 2: not enough B°->K° ply for amplitude analysis
— Use B*=>K*rmmt*y and relate to BO> K% m'y via isospin (LAL-15-75)
— Assume same resonances in both modes
— Measure: Sygy and Cyogrin BO>KOUmtty
— Need amplitude analysis to determine dilution factor D,

SKgTr-l'?r_'y / |:‘A'OK§
Om = =
E SK%P’? / UAng

* Use ML fit to proper time distribution of B°>K%pC to extract Cyq,,, and diluted Sy, :

w 1At/ 750 [ (ADC
Gtag

L om (A:;Kg AKHW_) + 2R (A;K%A(Kﬂ)gﬁ_ﬂ dm?

2
- ‘A@ﬁr)gr—

2
- ‘AK*‘l'?r_

Dy .
+ 2R (A2 o Apertn- ) + 2R (A;K%A(Kﬂ)gﬂ_ﬂ dm?

2
+ ‘A(K'rr)g"rr_

2
-+ ‘AK*‘F'N—

+ (D) (Sein(AmgAt) — C sin(AmdAt))> 1 ®R§£Q(At, TA,)

Piig(Ata TA; Gtag, C) = 9

QTBO

07-Oct-2015 BaBar B-meson studies, Fergus Wilson, STFC/RAL



B> KO ™y Results &

* B*yield extracted from ML fit to AE, mg, and Fisher Discriminant (F).
 Amplitude analysis performed over full Dalitz plane to identify resonances.
* Dilution extracted in optimized region 0.6<m__<0.9GeV, m, . <0.845 or m, >0.945 GeV.

* BYyield and CP from time-dependent ML fit to (AE, mg, F, At, o,; qtag,c).

10T T T T B e B e B B B
B _ 4 —— Data - ]
_BO —> Kgﬂ'+7Z' V4 B 7 ; 60 i -
— - ABAR 1 1 Cprrectly—recunstru;ted sign c L | 3
S 80 preliminary g Mis-reconstructed signal . F B > Kez'zy Bgélgi/;‘ark; ]
3 ] |:| Zantinuum = = =
o COFRFiltal ] ] . 1 g o 400 .
g; 10f Rl 1 . Genern: £ 30 :
o 20 R 10- o :
..mr,.. ST - : l{r ﬂ: T 0: oo -—:i’ -._‘—.‘.---.----.-:‘.":;r.”;!".'.':". __
9.2 521 5322 523 524 525 526 3.27 5.28 529 -8 0 8
mg (GeV/e?) ' At (ps)
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Syorn, = =+0.14+0.25"3%,
Results consistent with Belle [PRL 101, 251601 (2008
] ( ) CKO - =-0.39+0.20£0.05

CP asymmetries consistent with zero and SM.
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Angular analysis of the decays B—>K*I*I-

Effective Hamiltonian can be expressed via Operator Product Expansion (OPE) in
terms of operators O and calculable Wilson coefficients C.

4G, 0 0 C" e
Hy =— \/Evt;\/tbzci (£)0, (ﬂ)"‘z A2 O,
=1 i

New Physics (NP) can enter via new particles in loops
— Potentially modifies magnitude and phase of SM C.
— Probes new couplings and NP at a scale ~few TeV.
— Angular distributions as a function of g2 sensitive to NP

b e g b a 8 bt s b h s
B R B R H-s SHY R

7 17 S M p I
7, 2" T HY o B uo

1,2 Tree

=3-6,8 Gluon Penguin
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Photon Penguin
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=10 EW Penguin (vector)
S Scalar Penguin

=P Pseudoscalar Penguin
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Angular analysis of the decays B—>K*[*I-

« Extract yield with ML to (mgg, AE, BDT probability)
 The B—>K*I*I" angular distribution depends on:
— 0, between K* & B? in K* rest frame
— 0, between I*(I) & B(B) in I*I- rest frame
— ¢ between the di-lepton and Knr planes

* Not enough events for full angular analysis, so integrate over two angles to find
longitudinal polarisation F_ and lepton forward-backward asymmetry, A

1 dr 3 3 |
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1 dr
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B—>K*I*I-results for bin g2, 1<q%<6 GeV?
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F, and A, versus g? &
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* F_: BaBar B*>K™I*" lower than BaBar B°->K"OI*I q?

* F_: BaBar B->KI*I agrees with SM except g2, (>30) and g?; (>20)

* A :BaBar B*>K™I*I" agrees with BaBar BO—>K"™0I*|-

* Ay :BaBar B->KI*I- agrees with SM except g2, (>20). Other bins agree with SM and other
experiments.
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F, and A.; between 1.0<q°<6.0 GeV?

e 1.0<0g%<6.0 GeV?region less susceptible to
theoretical uncertainties e.g. charmonia.

* BaBar F  lower than SM prediction (>30)
* BaBar A.; agrees with SM and experiments.

Babar K**
Babar K*”
Babar KJ"D'Jr
Belle K**
CDF K*°
LHCb K*°
CMS K"

ATLAS K"

Belle: PRL 103, 171801 (2012); LHCb: JHEP 08 (2013) 131; ATLAS: ATLAS-CONF 2013-038 (2013); CDF: PRL 108, 081808 (2012); CMS: PLB 727, 77 (2013)
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Results for P, &

* Between 1.0<q°<6.0 GeV?:P,=0.1110.10
* In g%,, see >2c discrepancy with the SM
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Lepton Universality in B>KI* I

* Very similar selection and data as previous topic.
* Use 1.0<q%<6.0 GeV?region where theory uncertainties

are lowest.
e SM pred|ct|on Re¢ = 1. Oi(O 001-0. 01)
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R, =0.6473, £0.06 [this result]

R, =0.74'%%° +0.06 [BaBar PRD86, 032012 (2012)]
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Consistent with previous BaBar result, SM and LHCb

1lo

BaBar B-meson studies, Fergus Wilson, STFC/RAL



Observation of B> DU) ttrl-v &

Asin |V, |, inclusive (B->(X_)I"V) and exclusive measurements (B—>D"IV) of |V, |
differ (by ~30).
The measured exclusive rate for semi-leptonic B decays of B>D)I'v, B->D)Iv; and

B—>D™IV only account for (85+2)% of the inclusive rate for semi-leptonic B decays
to charm.

A possible background to B->D)tV decay rates. The ratio R(D!")) of B>D)tV to
B->D)uv rates has been measured to differ from SM by ~3.40 by 3 different
experiments (BaBar, Belle, LHCb).

B->D("tv: PRD88, 072012 (2013); arXiv:1507.03233; PRL 114, 111803 (2015)

Fully reconstruct hadronic decay of one B- Hadronic system

meson (“recoil method”). DO, D‘*’/*/
N

Use discriminant U = E i, — [Pmiss|C- FOr eg/ '\Tag» 8

events with one missing v, U peaks at 0 with pVi v e
width 0.1 GeV. e,

missing energy
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Observation of B=> D) wrl-v

100 Channel RE:EW_ x 10° B x 10°
R Dortr 07 [T1+13+ 8[161+30+18+8
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£ hasttf 2>///>4//>/ efe.'i 4 D¥rta 0D |14+ 7+ 4| 80+£40+23+3
Slm DY rrt v D*frtr=¢ p|284+ 8+ 6|138+£394+30+3
or iy BABAR Drtn "7 |67T+10+ 8|152+£23+ 1847
20 — “

\>>>>\>\ | D*xtr 47 |19+ 5+ 4]1084284 2344

100

" - _BBoDz V) _(067+0.0140.008
wr B(B — DI 7)
50 — 4
R -BB2>Dz21V)_401940.005+0.004

+

g B(B— Dl V)

SR First observation of B->D%t*nlv
y>§ \&% First evidence for B=>D" )ty
A

i
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0 ; 1.5

inclusive and exclusive decay rates

07-Oct-2015 BaBar B-meson studies, Fergus Wilson, STFC/RAL



V. . from inclusive B ->X ev

|V, |/1V,| defines length of side opposite angle B in
Unitarity Triangle. V, less precisely known than V

* Long-term discrepancy between |V | from inclusive
(B>X,lv) and exclusive (B—>(m,p,m,...)lv) measurements.

Violpge = (4.52+0.167912) x10°°

DGE

V[ =(3.41£0.06:3%)x10°°

* B->X,lvrate 50 times smaller than B->X_Iv

* Electron momentum P, kinematic endpoints
— 2.6 GeV B->X,ev
— 2.3 GeVB->Xev

* We use four models to relate dN/dP_to |V, |
DeFazio & Neubert (DN)— E, and E ,spectrum in B — X y
Bosch, Lange, Neubert & Paz (BLNP) — improved DN
Gambino, Giordano, Ossola & Uraltsev (GGOU) - kinetic scheme
Anderson & Gardi(DGE) — Sudakov resummation

Most information on V, comes from P_>2.3 GeV

DN: JHEP 9906, 017 (1999); BLNP: PRD 72, 073006 (2005); GGOU: JHEP 10,058 (2007); DGE: JHEP 0601, 097 (2006)
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Comparison of models &

* Binned Fit in CM momentum region 0.8 < P_ < 3.5 GeV

 Use MCdistributions for background for secondary e, mis-identified events,
charm, 1, vy, etc... Normalizations allowed to float.
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* Below 2.1 GeV, good agreement. Above 2.1GeV, shapes differ from data
* DN and DGE show best agreement
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Total BF and V,, for 4 models ﬂ

|Vin| x 10° model
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Conclusion &

* Presented recent preliminary results from BaBar:

> w N

5.

Time-dependent CP asymmetries in BO>KO rumty
Angular asymmetries in the decays B—>K*[*I
Lepton Flavour Ratio in B=>KI* I

Observation of B> D) it v

V,, from inclusive B X ev

* Only a subset of recent BaBar results.

e Results in process of being submitted to journals.
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